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Description

CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Patent
Application No. 15/671,720 filed on August 8, 2017.

TECHNICAL FIELD

[0002] This specification relates to heating fluids, par-
ticularly for breaking emulsions in hydrocarbon systems.

BACKGROUND

[0003] Tight emulsions are frequently present in hy-
drocarbon systems either in well flow lines or in pipe lines.
The presence of emulsions requires specific handling
such as a need for increasing pumping power, accurate
rate metering and produced fluid treatment. Oil field re-
lated emulsions can include water-in-oil emulsions with
drop distribution sizes above the tenth of a micrometer,
and these emulsions also need a specific treatment. In
some cases, the emulsions can be treated by chemical
de-emulsifiers, which may be costly and operationally
challenging. US 7,891,416 B2 represents the closest pri-
or art and describes an apparatus and method for in-
creasing and regulating temperature, pressure and fluid
viscosities of fluid streams found in oil and gas produc-
tion. The apparatus heats fluids flowing from the reservoir
to the surface, or heat fluids injected from the surface
into the reservoir. US 9,322,255 B2 describes a device
that is provided for extracting a hydrocarbon-containing
substance from a reservoir. Thermal energy is applied
to the reservoir in order to reduce the viscosity of the
substance. The device includes at least one conductor
loop for inductively supplying electric current, to provide
electric and/or electromagnetic heating, and a fluid con-
ducting device for transporting and introducing a solvent
fluid into the reservoir, to further reduce the viscosity of
the substance. US 8,925,627 B2 describes a method of
producing an umbilical that includes an elongate flat met-
al strip, providing an elongate service carrier, encasing
the service carrier in an insulation that is strain tolerant
and high temperature tolerant, forming the metal strip
into a tube shape around the insulated service carrier,
and thereafter welding the edges of the metal strip to
form a tube surrounding the insulated service carrier.

SUMMARY

[0004] The present specification describes methods,
apparatus, and systems for in-situ heating fluids with
electromagnetic radiation, particularly for breaking emul-
sions in hydrocarbon systems. The invention is defined
by the claims.
[0005] One aspect of the present specification features
a well tool including: a plurality of tubular members ar-
ranged in an array and configured to be positioned in a

flow line positioned downhole within a wellbore, each of
the plurality of tubular members configured to receive a
respective portion of a well fluid flowed through the flow
line; and an electromagnetic (EM) heating assembly con-
figured to be positioned around the plurality of tubular
members, the EM heating assembly configured to gen-
erate EM radiation transmitted to the plurality of tubular
members, the plurality of tubular members being heated
by the transmitted EM radiation, the plurality of heated
tubular members heating the respective portions of the
well fluid flowed through the plurality of tubular members.
[0006] In the array, longitudinal axes of the plurality of
tubular members can be offset from each other and are
parallel to a longitudinal axis of the flow line. An outer
contour of the array can be substantially cylindrical in
cross-section. The outer contour of the array can be sized
to fit within an inner volume of the flowline.
[0007] The plurality of tubular members can be ar-
ranged side-by-side within the flow line and are substan-
tially parallel to each other. The plurality of tubular mem-
bers can be of substantially equal length, and wherein
axial ends of the plurality of tubular members are aligned.
Space between the axial ends of the plurality of tubular
members can be filled with a material that is impermeable
to the well fluid.
[0008] In some implementations, the EM heating as-
sembly includes a plurality of arcuate heating elements
arranged end-to-end to have a substantially cylindrical
cross-section that defines a hollow space, and the plu-
rality of tubular members arranged in the array are posi-
tioned within the hollow space. Each arcuate heating el-
ement can be configured to generate EM radiation. An
outer diameter of the substantially cylindrical cross-sec-
tion can be smaller than an inner diameter of the flow
line. Each arcuate heating element can be attached to
an inner surface of the flow line.
[0009] Another aspect of the present specification fea-
tures a downhole tool for treating well fluids flowed
through a flow line positioned downhole within a wellbore.
The downhole tool includes: a housing positioned down-
hole within the wellbore and operable to receive a well
fluid flowed through the flow line; and a heater positioned
within the housing, including: a plurality of tubular mem-
bers arranged in an array and configured to be positioned
within the housing, each of the plurality of tubular mem-
bers configured to receive a respective portion of the well
fluid, and an electromagnetic (EM) heating assembly
configured to be positioned around the plurality of tubular
members, the EM heating assembly configured to gen-
erate EM radiation transmitted to the plurality of tubular
members, the plurality of tubular members being heated
by the transmitted EM radiation, the plurality of heated
tubular members heating the respective portions of the
well fluid flowed through the plurality of tubular members.
[0010] The well fluid can include emulsion, and the plu-
rality of heated tubular members can be operable to heat
the respective portions of the well fluid to break the emul-
sion in the respective portions of the well fluid.
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[0011] The downhole tool can further includes a cen-
tralizer coupled to the housing and operable to centralize
the housing with respect to the flow line. The downhole
tool can also include a homogenizer arranged upstream
the heater within the housing and operable to mix the
well fluid to obtain a homegenous and uniform fluid before
the well fluid is flowed through the heater. The downhole
can further include a stabilizier arranged upstream the
heater within the housing and operable to stabilize the
well fluid to obtain a linear and steady flow before the
well fluid is flowed through the heater.
[0012] In some examples, the well fluid includes lighter
components and heavier components, and the downhole
tool can further include a separator arranged down-
stream the heater within the housing and operable to
separate the lighter components from the heavier com-
ponents in the well fluid after the well fluid is flowed
through the heater.
[0013] A further aspect of the present specification fea-
tures a method of treating well fluids flowed through a
flow line within a wellbore positioned below a terranean
surface. The method includes: receiving, in the flow line,
a well fluid to flow into a plurality of tubular members
arranged in an array and positioned within the flow line;
flowing respective portions of the well fluid through the
plurality of tubular members; while the respective por-
tions of the well fluid are flowed through the plurality of
tubular members: generating electromagnetic (EM) ra-
diation by an EM heating assembly positioned within the
flow line and around the plurality of tubular members;
transmitting, by the EM heating assembly, the EM radi-
ation to the plurality of tubular members, the plurality of
tubular members being heated by the transmitted EM
radiation; and heating, by the plurality of heated tubular
members, the respective portions of the well fluid flowed
through the plurality of heated tubular members.
[0014] The method can further include: before flowing
the respective portions of the well fluid through the plu-
rality of tubular members, mixing the well fluid to obtain
a homogenous and uniform fluid; and stabilizing the well
fluid to obtain a linear and steady flow.
[0015] In some cases, the well fluid includes lighter
components and heavier components, and the method
can further include: after heating the respective portions
of the well fluid flowed through the plurality of tubular
members, separating the lighter components from the
heavier components in the well fluid.
[0016] Note that the term "flow line" herein can be any
conduit for a fluid to flow. In some examples, the flow line
is a pipeline, a string or a tubing positioned in a wellbore.
In some examples, the flow line is a pipe or a tube posi-
tioned above a terrianian surface.
[0017] The details of one or more implementations of
the subject matter of this specification are set forth in the
accompanying drawings and associated description.
Other features, aspects, and advantages of the subject
matter will become apparent from the description, the
drawings, and the claims.

DESCRIPTION OF DRAWINGS

[0018]

FIG. 1 is a schematic diagram illustrating example
apparatus with an in-situ heater.
FIG. 2 is a diagram showing an example relationship
between fluid viscosity and temperature.
FIG. 3A is a schematic diagram illustrating an exam-
ple in-situ heater for fluid heating.
FIG. 3B is a cross-sectional view of the heater of
FIG. 3A.
FIG. 4 is a flowchart of an example process of treat-
ing a fluid.

DETAILED DESCRIPTION

[0019] Heat can be used to break emulsion in a fluid
by reducing a viscosity of the fluid, favoring droplet col-
lision, and hence enhancing coalescence. Heat treat-
ment can also help quickly breaking a film formed around
a water droplet in the emulsion due to a presence of im-
purities. Some systems have used microwave (MW) ra-
diation to directly interact with fluids for breaking emul-
sions, however, these systems are costly and have low
operation efficiency.
[0020] Implementations of the present specification
provide methods, apparatus and systems for in-situ heat-
ing fluids with electromagnetic (EM) radiation, such as
radio frequency (RF) radiation or microwave (MW) radi-
ation. As an example, the present specification provides
a tool for facilitating tight emulsion breaking of a fluid in
a wellbore flow line using in-situ microwave heating of
ceramic tubes. The fluid can be divided into multiple
streams that flow into multiple ceramic tubes placed in-
side a main pipeline. Microwave heating elements can
be placed around the ceramic tubes and inside the main
pipeline. The ceramic tubes can be fabricated from spe-
cial ceramic materials. These ceramic materials can have
unique heating properties and can be heated to very high
controllable temperatures using MW radiation. For ex-
ample, the temperature of the ceramic materials when
exposed to MW radiation, can reach up to 1000°C. The
high temperatures allow fast and easy breakage of tight
emulsions. In some implementations, before the fluid
flows through the ceramic tubes for emulsion breakage,
a homogenizer can be used to mix the fluid to obtain a
homogenous and uniform flow, and a stabilizer can be
used to get a linear and steady flow. After the emulsion
breakage, in some implementations, the fluid can pass
through a fluid separator to separate lighter components
from heavier components in the fluid to different separa-
tion outlets. Note that the example above is given in the
context of a wellbore within which the tool is placed, but
implementations in which the tool is used in flow lines
above the surface are also possible. For example, the
tool can be used for refining crude oil.
[0021] The technology presented herein provides in-
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situ direct heating of tight emulsions with microwave
heating apparatus. The technology provides a unique
combination of special ceramic material and micro-
waves, which can provide controllable temperatures for
efficient emulsion breakage and greatly reduce the en-
ergy required to break the emulsion, for example, com-
pared to using MW radiation to directly heat a fluid for
emulsion breakage. The technology also reduces the
cost of breaking emulsions, eliminating the need for ex-
pensive chemicals and related operational precautions,
as well as helping in breaking the emulsions in-line and
with minimal intervention. The technology enables to pro-
vide an integrated tool, which, in some implementations,
includes: a) a homogenizer to mix the fluid, b) a stabilizer
to stabilize the fluid, c) MW heating sources and ceramic
tubes to divide and distribute the fluid for heat treatment,
and d) a separator to separate the fluid. The technology
also enables accurate metering and can be applied for
multiphase metering. This technology can be applied in
any suitable applications, for example, refining uncon-
ventional resources such as heavy oil.
[0022] FIG. 1 is a schematic diagram illustrating an ex-
ample tool 100 with an in-situ heater 110 for fluid treat-
ment. In some implementations, the tool 100 is used as
a downhole tool positioned within a wellbore under a ter-
ranean surface. The downhole tool can be deployed
downhole to be positioned within a pipeline, a string, or
a tubing in the wellbore. In some implementations, the
tool 100 is used as a fluid treatment tool above the ter-
ranean surface. For example, the tool 100 can be used
for oil refinery.
[0023] A fluid, for example, a well fluid, can be flowed
through a flow line 150, for example, by a pump. The fluid
can include a hydrocarbon fluid, for example, crude oil,
heavy oil, or bitumen. The fluid can have a high viscosity.
In some cases, the fluid includes emulsion, for example,
hydrocarbon and water emulsion or oil and water emul-
sion. In a particular example, the fluid includes emulsified
mixture of oils, waxes, tars, salt and mineral laden water,
fine sands and mineral particulates. The tool 100 is con-
figured to treat the fluid, for example, to break the emul-
sion in the fluid, to reduce the viscosity of the fluid, to
separate different components in the fluid, to visbreaking
the fluid, or any combinations of them.
[0024] The tool 100 can include a housing 102 config-
ured to receive the fluid flowed through the flow line 150.
The housing 102 can be a cylindrical tube that defines a
hollow space for holding multiple components. The hous-
ing 102 can include an inlet for receiving the fluid from
the flow line 150 and an outlet for outputting the fluid
treated by the tool 100. In some implementations, the
tool 100 is a downhole tool positioned in a wellbore, and
the housing 102 can be positioned within the wellbore.
[0025] The fluid passes (or is flowed) through the heat-
er 110 positioned within the housing 102. The heater 110
(discussed in more detail with reference to FIGS. 3A-3B)
includes a number of tubular members 112 arranged in
an array and configured to be positioned within the hous-

ing 102. Each tubular member 112 defines a hollow
space and is configured to receive a respective portion
of the fluid.
[0026] The heater 110 also includes an electromag-
netic (EM) heating assembly positioned around the tu-
bular members. The EM heating assembly is configured
to generate EM radiation which is transmitted to the tu-
bular members. The tubular members are heated by the
EM radiation transmitted, and are thus able to heat the
respective portions of the fluid flowed through the tubular
members.
[0027] In some implementations, the EM heating as-
sembly includes microwave (MW) sources 114 config-
ured to generate MW radiation, and the tubular members
112 include ceramic tubes (or pipes). As discussed later
in FIGS. 3A-3B, the ceramic tubes can be made of special
ceramic materials which serve as effective heat sources
to absorb MW radiation, depending on a frequency of the
MW radiation. The ceramic tubes can be heated by the
MW radiation to reach elevated temperatures, for exam-
ple, to 1000 °C. The temperature of the ceramic tubes
can be controllable, for example, by an energy level of
the MW radiation.
[0028] FIG 2 shows a diagram 200 of an example re-
lationship between fluid viscosity and temperature. When
the temperature of the fluid increases, the viscosity of
the fluid decreases accordingly. For example, when the
temperature of the fluid is at 38 °C (100 °F), the viscosity
of the fluid is above 1 Pa s (1000 centipoise (cP)); when
the temperature of the fluid is at 121 °C (250 °F), the
viscosity of the fluid is about 0.01 Pa s (10 cP).
[0029] Referring back to FIG 1, the heated tubular
members 112 heat the fluid flowed through the tubular
members 112. Thus, the fluid can have a reduced vis-
cosity after being heated by the heater 110. In some cas-
es, the heater 110 can heat the fluid to a temperature
high enough to break the emulsion in the fluid by reducing
the viscosity of the fluid, favoring droplet collision, and
hence enhancing coalescence. The fluid, after the emul-
sion breakage, can include the separated emulsion com-
ponents. The fluid can include lighter components with
smaller densities and heavier components with larger
densities. For example, the oil and water emulsion can
be broken into constituent oil and water.
[0030] In some implementations, the tool 100 includes
a centralizer 104 coupled to the housing 102 (for exam-
ple, to the inlet of the housing 102) and an upstream part
of the flow line 150. The centralizer 104 is operable to
centralize the housing 102 (or the tool 100) with respect
to the flow line 150, such that the tool 100 (or the housing
102) receives an accurate and consistent flow of the fluid.
The centralizer 104 can be positioned inside the housing
102 or outside of the housing 102.
[0031] The fluid can enter the tool 100 at different flow
rates and the fluid can have a heterogeneous flow. In
some implementations, the tool 100 includes a homog-
enizer (or a mixer) 106 arranged upstream the heater
110 within the housing 102. The homogenizer 106 is con-
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figured to mix the fluid to ensure evenly fluid distribution
and homogeneity, for example, to obtain a homogenous
and uniform fluid before the fluid is flowed through the
heater 110.
[0032] In some examples, the homogenizer 106 in-
cludes a pair of vortexes having a first vortex 106a and
a second, sequential vortex 106b, as illustrated in FIG 1.
The first vortex 106a defines a first hollow space with a
decreasing inner diameter and the second vortex 106b
defines a second hollow space with an increasing inner
diameter. The first vortex 106a and the second vortex
106b are joint at a central portion having a smallest di-
ameter. The homogenizer 106 receives the fluid at an
inlet of the first vortex 106a and outputs the fluid at an
outlet of the second vortex 106b. In some cases, the ho-
mogenizer 106 can include multiple pairs of vortexes to
mix the fluid.
[0033] The tool 100 can also include a stabilizer 108
arranged upstream the heater 110 within the housing
102. The stabilizer 108 is operable to stabilize the fluid
to control the fluid flow rate at a linear steady state, for
example, to obtain a linear and steady flow before the
fluid is flowed through the heater 110. The stabilizer 108
can be arranged downstream the homogenizer 106 with-
in the housing 102, as illustrated in FIG. 1. The stabilizer
108 can be also arranged upstream the homogenizer
106 within the housing 102.
[0034] In some implementations, the tool 100 includes
a separator 116 arranged downstream the heater 110
within the housing 102. The separator 116 is configured
to separate lighter components from heavier compo-
nents to different separation outlets 118. When the fluid
is flowed through the separator 116 after the heater 110,
the lighter components and the heavier components in
the fluid can be separated to the different separation out-
lets 118.
[0035] FIGS. 3A-3B show an example in-situ heater
300 for fluid heating. The heater 300 is configured to heat
a fluid flowed (or flowing) along a flow direction 301
through the heater 300. The heater 300 can also heat a
static fluid contained within the heater 300.
[0036] FIG. 3A is a longitudinal cross-sectional view of
the heater 300, and FIG. 3B is a transverse cross-sec-
tional view of the heater 300. The heater 300 can be used
as the heater 110 in the tool 100 of FIG. 1. The heater
300 can be also used to heat any suitable fluid in any
other suitable applications or scenarios. For example,
the heater 300 can be arranged in a wellbore as a down-
hole tool or above a terranean surface for refining crude
oil.
[0037] In some implementations, the heater 300 in-
cludes a number of tubular members 304 arranged in an
array. In the array of the tubular members 304, longitu-
dinal axes of the tubular members 304 can be offset from
each other and are parallel to a longitudinal axis of the
flow line 302. An outer contour of the array of tubular
members 304 can be configured to be similar to an inner
contour of the flow line 302. For example, the flow line

302 can be a cylindrical tube, and the outer contour of
the array of tubular members 304 can be substantially
cylindrical in cross-section. The outer contour of the array
can be sized to fit within an inner volume of the flow line
302. Each tubular member 304 defines a flow area 305
and is configured to receive a respective portion of the
fluid flowed through the flow line 302. The fluid flowed
through the flow line 302 can be divided among the
number of tubular members 304, for example, to allow
for minimal pressure loss. Sizes (for example, inner di-
ameters) of the tubular members 304 can be adjusted
such that the fluid is equally divided into the number of
the tubular members 304. In some cases, the inner di-
ameters of the tubular members 304 are configured such
that heat from the tubular members 304 can heat the fluid
in its entirety. In some cases, lengths of the tubular mem-
bers 304 are configured such that it is sufficient to heat
the fluid within the tubular members 304 to a particular
temperature before the fluid exits the tubular members
304.
[0038] The number of the tubular members, the sizes
(for example, the inner diameters) of the tubular mem-
bers, or both, can be determined by the inner volume of
the flow line 302, a fluid volume passing through the flow
line 302, a fluid type or viscosity, or any combinations of
them. For example, if the fluid volume is smaller, the
number of the tubular members 304 can be less or the
sizes of the tubular members 304 can be smaller. If the
fluid is less viscous, a smaller number of larger tubular
members can be used instead of a larger number of
smaller tubular members.
[0039] The tubular members 304 can be arranged
side-by-side within the flow line 302 and are substantially
parallel to each other. In some cases, there can be sub-
stantially no gap between the tubular members 304. In
some cases, the tubular members 304 are configured
such that there is a small gap or space between them,
such that, when the tubular members 304 are heated up
to a high temperature, the gap or space between the
tubular members 304 can prevent them from breaking
down due to thermal expansions.
[0040] The tubular members 304 can be of a substan-
tially equal length, and axial ends of the tubular members
304 can be aligned to each other. Each tubular member
304 includes an inlet and an outlet along the flow direction
301. In some implementations, space between axial ends
at the inlets of the tubular members 304 is filled with a
filling material 310 that is impermeable to the fluid. The
filling material 310 can include an epoxy, an insulating
material such as glass fiber or carbon fiber, or any ma-
terial that is heat isolating. The filling material 310 can
prevent the fluid to flow between the tubular members
304, for example, to avoid irregular non-uniform flow. The
filling material 310 can be transparent to EM radiation
used by the heater 300. The filling material 310 can also
be resistant to high temperatures. In some implementa-
tions, space between axial ends at the outlets of the tu-
bular members 304 can be also filled with the filling ma-
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terial 310 impermeable to the fluid. The filling materials
310 can prevent the fluid that has flowed out of the tubular
members 304 to flow back into any gap or space between
the tubular members 304.
[0041] The heater 300 includes an electromagnetic
(EM) heating assembly configured to be positioned
around the array of the tubular members 304. The EM
heating assembly is configured to generate EM radiation
transmitted to the tubular members 304, such that the
tubular members 304 can be heated by the EM radiation.
As discussed later, a tubular member can be made of a
material to readily absorb the generated EM radiation.
Exposure of the tubular member to the EM radiation caus-
es rotation in polar molecules of the material, which re-
sults in heat being generated. The heated tubular mem-
bers 304 can then heat the respective portions of the fluid
flowed through the heated tubular members 304.
[0042] In some implementations, the EM heating as-
sembly of the heater 300 includes a number of heating
elements 306a, 306b, 306c, 306d. The heating element
306a, 306b, 306c, or 306d can have an arcuate shape
or any other suitable shape. The heating elements 306a,
306b, 306c, 306d can be arranged end-to-end to have a
substantially cylindrical cross-section that defines a hol-
low space. An outer diameter of the substantially cylin-
drical cross-section of the heating element 306a, 306b,
306c, or 306d can be smaller than an inner diameter of
the flow line 302. The heating elements 306a, 306b, 306c,
306d can be positioned inside the flow line 302, for ex-
ample, to maximize heating effects. In some cases, each
heating element can have an outer contour shaped to fit
with an inner surface of the flow line 302 and can be
attached (for example, by adhesive material) to the inner
surface of the flow line 302.
[0043] In some cases, the array of the tubular members
304 can be positioned within the hollow space defined
by the heating elements 306a, 306b, 306c, 306d. The
outer contour of the array of the tubular members 304
can be sized to fit within the hollow space. In some cases,
as shown in FIG. 3B, tubular members defining the outer
contour 304 can be attached (for example, by adhesive
material) to inner surfaces of the heating elements.
Space between the tubular members, space between
the heating elements, space between the tubular mem-
bers and the heating elements, and space between the
flow line and the heating elements and tubular members,
can be filled with the filling materials 310, such that the
tubular members 304 and the heating elements can be
integrated and attached to the flow line 302.
[0044] Each heating element 306a, 306b, 306c, 306d
can include a respective electrical connector 308a, 308b,
308c, 308d coupled to a power source and configured to
generate EM radiation. The heating element 306a, 306b,
306c, or 306d can be an antenna that radiates EM waves
and can include an electromagnetic coil such as an in-
duction heating coil. An energy level of the generated
EM radiation can be controlled by an output power from
the power source supplied to the heating element 306a,

306b, 306c, or 306d.
[0045] One or more properties (including the number
and the sizes) of the EM heating elements 306a, 306b,
306c, 306d can be determined based on one or more
properties of the fluid flowed through the heater 300 in-
cluding a fluid volume, type, and viscosity, and one or
more properties of the tubular members 304 including a
material of the tubular members 304, a configuration of
the tubular members 304, and sizes (for example, inner
diameters, lengths, and inner volumes) of the tubular
members 304.
[0046] The material of the tubular member 304 can be
determined based on a type of the fluid flowed through.
For example, if the fluid is highly corrosive, the material
can be non-corrosive. The material of the tubular member
304 can be also determined based on a pressure of the
fluid flow. For example, if the fluid flow has a higher pres-
sure, the strength of the material can be stronger.
[0047] EM absorption coefficients of materials depend
on a frequency of EM radiation. The EM radiation can be
radio frequency (RF) radiation with a frequency within a
range of 3 KHz to 300 MHz, or microwave (MW) radiation
with a frequency within a range of 300 MHz to 300 GHz.
For example, aluminas and zirconia have larger absorp-
tion coefficients at higher microwave frequencies, while
carbides have lower absorption coefficients at lower RF
range. Thus, the material of the tubular members 304
can be determined (or selected) to have a high EM radi-
ation absorption coefficient at an operating frequency of
the EM radiation generated by the heating elements
306a, 306b, 306c, 306d. The material of the tubular mem-
bers 304 can be any suitable effective heat absorption
source (or a susceptor) to readily absorb the generated
EM radiation. The material can include one of aluminas,
silicon carbide, silicon/silicon carbide, carbon/graphite,
zirconia, and molydisilicide.
[0048] In some examples, the heating element 306a,
306b, 306c, or 306d is a microwave (MW) source, and
the operating frequency of the MW radiation is 2.45 GHz
The tubular member 304 can be made of a ceramic ma-
terial, for example, alumina. The ceramic material can
have a high rate of heating absorption, e.g., excess of
50°C per minute. The ceramic material can be heated up
to 1000°C when exposed to the MW radiation.
[0049] The temperature of the tubular member 304 can
be controllable, for example, by controlling an energy lev-
el of the generated EM radiation. As noted above, the
energy level of the EM radiation can be controlled by the
output power from the power source supplied to the heat-
ing element 306. In some implementations, the heater
300 includes a control system that controls the output
power of the power source. In some cases, the control
system includes one or more temperature sensors oper-
able to measure temperatures of the tubular members
304. Based on the measured temperatures of the tubular
members 304, the control system can adjust the output
power of the power source to adjust the energy level of
the generated EM radiation. The output power of the pow-
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er source can be adjusted by changing a magnitude of
the output power or a duration of the output power. In
some cases, the control system includes one or more
temperature sensors operable to measure temperatures
of the portions of the fluid flowing through the tubular
members 304 or the fluid that has flowed out of the tubular
members 304. Based on the measured temperatures of
the fluid, the control system can adjust the output power
of the power source to adjust the energy level of the gen-
erated EM radiation.
[0050] In some implementations, a separator, for ex-
ample, the separator 116 of FIG. 1, is arranged down-
stream the heater 300 in the flow line 302. The control
system can include a detector to detect separated com-
ponents of the fluid from one or more outlets of the sep-
arator. For example, as discussed earlier, if the fluid in-
cludes oil and water emulsion, the fluid can be heated
by the heater 300 to break the emulsion into constituent
oil and water, which can be separated by the separator.
If the detector detects no oil component at one of the
outlets, it indicates that the temperature of the fluid is not
high enough to break the emulsion, and the control sys-
tem can increase the output power of the power source
to increase the energy level of the generated EM radia-
tion. In some cases, the heater 300 and the separator
can be part of a tool, for example, the tool 100 of FIG 1.
The control system can be separated from the heater
300 and included in the tool.
[0051] FIG. 4 is a flowchart of an example process 400
of treating a fluid. The process 400 can be performed by
a tool, for example, the tool 100 of FIG. 1. The tool in-
cludes an in-situ heater, for example, the heater 110 of
FIG. 1 or the heater 300 of FIGS. 3A-3B.
[0052] A fluid from a flow line is received (402). The
fluid can be flowed through the flow line by a pump. The
fluid can be a well fluid or any other type of fluid. The fluid
can include emulsion, for example, hydrocarbon and wa-
ter emulsion or oil and water emulsion. The fluid can have
a high viscosity.
[0053] Respective portions of the fluid are flowed
through a number of tubular members positioned in the
flow line (404). The tubular members can be similar to
the tubular members 112 of FIG 1 or the tubular members
304 of FIGS. 3A-3B. Each tubular member is configured
to receive a respective portion of the fluid. Space between
the axial ends, particularly at inlets of the tubular mem-
bers, can be filled with a material that is impermeable to
the fluid, for example, the filling material 310 of FIGS.
3A-3B, such that the fluid is prevented from flowing be-
tween the tubular members.
[0054] While the respective portions of the fluid are
flowed through the tubular members, electromagnetic
(EM) radiation is generated by an EM heating assembly
positioned around the tubular members (406). The EM
heating assembly can include a number of heating ele-
ments, for example, the MW source 114 of FIG 1 or the
heating elements 306 of FIGS. 3A-3B.
[0055] The EM radiation is transmitted by the EM heat-

ing assembly to heat the tubular members (408). The
tubular members are heated by the transmitted EM ra-
diation, for example, to a high temperature. The temper-
ature of the heated tubular members can be controlled
by adjusting an energy level of the EM radiation, for ex-
ample, up to 1000°C. The tubular members can be made
of an EM subsector that is an effective heat source to
absorb the EM radiation and has a high absorptive coef-
ficient at a frequency of the generated EM radiation. In
some examples, the EM radiation is a microwave radia-
tion, and the tubular members are made of a ceramic
material such as alumina.
[0056] The respective portions of the fluid flowed
through the heated tubular members are heated (410).
The heated tubular members can heat the portions of the
fluid flowed through the tubular members to a high tem-
perature. In some cases, the temperature of the heated
fluid can be high enough to reduce the viscosity of the
fluid, to break the emulsion in the fluid, or both.
[0057] In some cases, a centralizer is used to central-
ize the tool with respect to the flow line, such that an
accurate and consistent flow of the fluid can be obtained
by the tool. Before flowing the respective portions of the
fluid through the tubular members, the fluid can be mixed,
for example, by a homogenizer such as the homogenizer
106 of FIG. 1, to obtain a homogenous and uniform fluid.
The fluid can be also stabilized, for example, by a stabi-
lizer such as the stabilizer 108 of FIG. 1, to obtain a linear
and steady flow.
[0058] In some cases, the fluid includes lighter com-
ponents with smaller densities and heavier components
with larger densities. After the respective portions of the
fluid flowed through the tubular members are heated, the
lighter components and the heavier components can be
separated in the fluid. Then, the fluid can be flowed
through a separator, for example, the separator 116 of
FIG. 1, which can separate the lighter components and
the heavier components into different outlets.
[0059] For simplicity and illustrative purposes, the
present specification is described by referring mainly to
examples thereof. In the above description, numerous
specific details are set forth to provide a thorough under-
standing of the present specification. It will be readily
apparent however, that the present specification may be
practiced without limitation to these specific details. In
other instances, some methods and structures have not
been described in detail so as not to unnecessarily ob-
scure the present specification.
[0060] The earlier provided description of example im-
plementations does not define or constrain this specifi-
cation. Other changes, substitutions, and alterations are
also possible without departing from the scope of the
claims. Accordingly, other embodiments are within the
scope of the following claims.
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Claims

1. A well tool (100) comprising:

a plurality of tubular members (112, 304) ar-
ranged in an array and configured to be posi-
tioned in a flow line (150, 302) positioned down-
hole within a wellbore, each of the plurality of
tubular members configured to receive a re-
spective portion of a well fluid flowed through
the flow line; and
an electromagnetic, i.e., EM heating assembly
(110, 300) configured to be positioned around
the plurality of tubular members, the EM heating
assembly configured to generate EM radiation
and transmit it to the plurality of tubular members
such that the plurality of tubular members are
heated by the transmitted EM radiation, wherein
plurality of heated tubular members are config-
ured to heat the respective portions of the well
fluid flowed through the plurality of tubular mem-
bers.

2. The well tool of claim 1, wherein, in the array, longi-
tudinal axes of the plurality of tubular members (112,
304) are offset from each other and are parallel to a
longitudinal axis of the flow line (150, 302).

3. The well tool of claim 1, wherein an outer contour of
the array is substantially cylindrical in cross-section,
and optionally wherein the outer contour of the array
is sized to fit within an inner volume of the flow line
(150, 302).

4. The well tool of claim 1, wherein the plurality of tu-
bular members (112, 304) are arranged side-by-side
within the flow line (150, 302) and are substantially
parallel to each other.

5. The well tool of claim 1, wherein the plurality of tu-
bular members (112, 304) are of substantially equal
length, and wherein axial ends of the plurality of tu-
bular members (112, 304) are aligned, and optionally
wherein space between the axial ends of the plurality
of tubular members (112, 304) is filled with a material
that is impermeable to the well fluid.

6. The well tool of claim 1, wherein the EM heating as-
sembly (112, 304) comprises a plurality of arcuate
heating elements (306a, 306b, 306c, 306d) arranged
end-to-end to have a substantially cylindrical cross-
section that defines a hollow space, and
wherein the plurality of tubular members (112, 304)
arranged in the array are positioned within the hollow
space and optionally wherein one of:

a) each arcuate heating element (306a, 306b,
306c, 306d) is configured to generate EM radi-

ation, or
b) wherein an outer diameter of the substantially
cylindrical cross-section is smaller than an inner
diameter of the flow line (150, 302), or
c) wherein each arcuate heating element (306a,
306b, 306c, 306d) is attached to an inner surface
of the flow line (150, 302).

7. The well tool of claim 1 comprising:

a housing (102) positioned downhole within the
wellbore and operable to receive a well fluid
flowed through the flow line (150, 302); and
a heater (110) positioned within the housing
(102), including:

the plurality of tubular members (150, 302
are configured to be positioned within the
housing, and
the EM heating assembly (110, 300) .

8. The downhole tool of claim 7, wherein the well fluid
comprises an emulsion, and wherein the plurality of
heated tubular members are operable to heat the
respective portions of the well fluid to break the emul-
sion in the respective portions of the well fluid.

9. The downhole tool of claim 7, further comprising:
a centralizer (104) coupled to the housing (102) and
operable to centralize the housing (102) with respect
to the flow line (150, 302.

10. The downhole tool of claim 7, further comprising:
a homogenizer (106) arranged upstream the heater
within the housing (102) and operable to mix the well
fluid to obtain a homegenous and uniform fluid before
the well fluid is flowed through the heater (101).

11. The downhole tool of claim 7, further comprising:
a stabilizer (108) arranged upstream the heater (110)
within the housing (102) and operable to stabilize
the well fluid to obtain a linear and steady flow before
the well fluid is flowed through the heater (110).

12. The downhole tool of claim 7, wherein the well fluid
comprises lighter components and heavier compo-
nents, and wherein the downhole tool further com-
prises:
a separator (116) arranged downstream the heater
(110) within the housing (102) and operable to sep-
arate the lighter components from the heavier com-
ponents in the well fluid after the well fluid is flowed
through the heater (110).

13. A method (400) of treating well fluids flowed through
a flow line (150, 302) within a wellbore positioned
below a terranean surface, the method comprising:

13 14 



EP 3 665 362 B1

9

5

10

15

20

25

30

35

40

45

50

55

receiving (402), in the flow line, a well fluid to
flow into a plurality of tubular members (112,
304) arranged in an array and positioned within
the flow line;
flowing (404) respective portions of the well fluid
through the plurality of tubular members (112,
304);
while the respective portions of the well fluid are
flowed through the plurality of tubular members
(112, 304):

generating (406) electromagnetic, i.e., EM
radiation by an EM heating assembly (110,
300) positioned within the flow line (150,
302) and around the plurality of tubular
members (112, 304);
transmitting (408), by the EM heating as-
sembly (110, 300), the EM radiation to the
plurality of tubular members (150, 302),
wherein the plurality of tubular members
(150, 302) are heated by the transmitted EM
radiation; and
heating (410), by the plurality of heated tu-
bular members (150, 302), the respective
portions of the well fluid flowed through the
plurality of heated tubular members (150,
302).

14. The method of claim 13, further comprising: before
flowing the respective portions of the well fluid
through the plurality of tubular members (150, 302),
mixing the well fluid to obtain a homogenous and
uniform fluid; and stabilizing the well fluid to obtain
a linear and steady flow.

15. The method of claim 13, wherein the well fluid in-
cludes lighter components and heavier components,
and wherein the method further comprises:
after heating the respective portions of the well fluid
flowed through the plurality of tubular members (150,
302), separating the lighter components from the
heavier components in the well fluid.

Patentansprüche

1. Bohrlochwerkzeug (100), das Folgendes umfasst:

mehrere röhrenförmige Elemente (112, 304),
die in einer Anordnung angeordnet sind und
ausgelegt sind, in einer Strömungsleitung (150,
302) positioniert zu werden, die in einem Bohr-
loch positioniert ist, wobei jedes der mehreren
röhrenförmigen Elemente ausgelegt ist, einen
jeweiligen Teil eines Bohrlochfluids, das durch
die Strömungsleitung strömt, aufzunehmen;
und
eine elektromagnetische Heizanordnung, EM-

Heizanordnung, (110, 300), die ausgelegt ist,
um die mehreren röhrenförmigen Element posi-
tioniert zu werden, wobei die EM-Heizanord-
nung ausgelegt ist, eine EM-Strahlung zu erzeu-
gen und sie an die mehreren röhrenförmigen
Elemente derart zu übertragen, dass die meh-
reren röhrenförmigen Elemente durch die über-
tragene EM-Strahlung geheizt werden, wobei
mehrere geheizte röhrenförmige Elemente aus-
gelegt sind, die jeweiligen Teile des Bohrloch-
fluids, die durch die mehreren röhrenförmigen
Elemente strömen, zu heizen.

2. Bohrlochwerkzeug nach Anspruch 1, wobei in der
Anordnung Längsachsen der mehreren röhrenför-
migen Elemente (112, 304) voneinander versetzt
sind und parallel zu einer Längsachse der Strö-
mungsleitung (15, 302) sind.

3. Bohrlochwerkzeug nach Anspruch 1, wobei ein äu-
ßerer Umriss der Anordnung im Wesentlichen im
Querschnitt zylindrisch ist und wobei wahlweise der
äußere Umriss der Anordnung so bemessen ist,
dass er in ein inneres Volumen der Strömungsleitung
(150, 302) passt.

4. Bohrlochwerkzeug nach Anspruch 1, wobei die meh-
reren röhrenförmigen Elemente (112, 304) Seite an
Seite innerhalb der Strömungsleitung (150, 302) po-
sitioniert sind und im Wesentlichen zueinander par-
allel sind.

5. Bohrlochwerkzeug nach Anspruch 1, wobei die meh-
reren röhrenförmigen Elemente (112, 304) im We-
sentlichen die gleiche Länge besitzen und wobei axi-
ale Enden der mehreren röhrenförmigen Elemente
(112, 304) ausgerichtet sind und wobei wahlweise
ein Raum zwischen den axialen Enden der mehreren
röhrenförmigen Elemente (112, 304) mit einem Ma-
terial gefüllt ist, dass für das Bohrlochfluid undurch-
lässig ist.

6. Bohrlochwerkzeug nach Anspruch 1, wobei die EM-
Heizanordnung (112, 304) mehrere bogenförmige
Heizelemente (306a, 306b, 306c, 306d) umfasst, die
Ende an Ende angeordnet sind und im Wesentlichen
zylindrische Querschnitte zu besitzen, die einen
hohlen Raum definieren, und
wobei die mehreren röhrenförmigen Elemente (112,
304), die in der Anordnung angeordnet sind, inner-
halb des hohlen Raums positioniert sind und wobei
wahlweise eines:

a) von jedem bogenförmigen Heizelement
(306a, 306b, 306c, 306d) ausgelegt ist, EM-
Strahlung zu erzeugen, oder
b) wobei ein äußerer Durchmesser des im We-
sentlichen zylindrischen Querschnitts kleiner
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als ein innerer Durchmesser der Strömungslei-
tung (150, 302) ist oder
c) wobei jedes bogenförmige Heizelement
(306a, 306b, 306c, 306d) an einer inneren Flä-
che der Strömungsleitung (150, 302) ange-
bracht ist.

7. Bohrlochwerkzeug nach Anspruch 1, das Folgendes
umfasst:

ein Gehäuse (102), das innerhalb des Bohrlochs
positioniert ist und betreibbar ist, ein Bohrloch-
fluid aufzunehmen, dass durch die Strömungs-
leitung (150, 302) strömt; und
ein Heizgerät (110), das innerhalb des Gehäu-
ses (102) positioniert ist und Folgendes um-
fasst:

dass die mehreren röhrenförmigen Ele-
mente (150, 302) ausgelegt sind, innerhalb
des Gehäuses positioniert zu werden, und
die EM-Heizanordnung (110, 300).

8. Bohrlochwerkzeug nach Anspruch 7, wobei das
Bohrlochfluid eine Emulsion umfasst und wobei die
mehreren geheizten röhrenförmigen Elemente be-
treibbar sind, die jeweiligen Teile des Bohrlochfluids
zu heizen, um die Emulsion in die jeweiligen Teile
des Bohrlochfluids aufzubrechen.

9. Bohrlochwerkzeug nach Anspruch 7, das ferner Fol-
gendes umfasst:
einen Zentralisierer (104), der an das Gehäuse (102)
gekoppelt ist und betreibbar ist, das Gehäuse in Be-
zug auf die Strömungsleitung (150, 302) zu zentra-
lisieren.

10. Bohrlochwerkzeug nach Anspruch 7, das ferner Fol-
gendes umfasst:
einen Homogenisierer (106), der dem Heizgerät vor-
gelagert innerhalb des Gehäuses (102) angeordnet
ist und betreibbar ist, das Bohrlochfluid zu mischen,
um ein homogenes und einheitliches Fluid zu erhal-
ten, bevor das Bohrlochfluid durch das Heizgerät
(101) strömt.

11. Bohrlochwerkzeug nach Anspruch 7, das ferner Fol-
gendes umfasst:
einen Stabilisierer (108), der dem Heizgerät (110)
vorgelagert innerhalb des Gehäuse (102) angeord-
net ist und betreibbar ist, das Bohrlochfluid zu sta-
bilisieren, um eine lineare und stetige Strömung zu
erhalten, bevor das Bohrlochfluid durch das Heizge-
rät (110) strömt.

12. Bohrlochwerkzeug nach Anspruch 7, wobei das
Bohrlochfluid leichtere Komponenten und schwere-
re Komponenten umfasst und wobei das Bohrloch-

werkzeug ferner Folgendes umfasst:
eine Trenneinrichtung (116), die dem Heizgerät
(110) nachgelagert innerhalb des Gehäuses (102)
angeordnet ist und betreibbar ist, die leichteren Kom-
ponenten von den schwereren Komponenten in dem
Bohrlochfluid zu trennen, nachdem das Bohrlochflu-
id durch das Heizgerät (110) strömt.

13. Verfahren (400) zum Behandeln von Bohrlochfluids,
die durch eine Strömungsleitung (150, 302) inner-
halb eines Bohrlochs, das unter einer Erdoberfläche
positioniert ist, strömen, wobei das Verfahren Fol-
gendes umfasst:

Aufnehmen (402) in der Strömungsleitung eines
Bohrlochfluids, um in mehrere röhrenförmige
Elemente (112, 304), die in einer Anordnung an-
geordnet sind und innerhalb der Strömungslei-
tung positioniert sind, zu strömen;
Strömenlassen (404) jeweiliger Teile des Bohr-
lochfluids durch die mehreren röhrenförmigen
Elemente (112, 304);
während die jeweiligen Teile des Bohrlochfluids
durch die mehreren röhrenförmigen Elemente
(112, 394) strömen:

Erzeugen (406) einer elektromagnetischen
Strahlung, EM-Strahlung, durch eine EM-
Heizanordnung (110, 300), die innerhalb
der Strömungsleitung (150, 302) und um die
mehreren röhrenförmigen Elemente positi-
oniert ist;
Übertragen (408) durch die EM-Heizanord-
nung (110, 300) der EM-Strahlung auf die
mehreren röhrenförmigen Elemente (150,
302), wobei die mehreren röhrenförmigen
Elemente (150, 302) durch die übertragene
EM-Strahlung geheizt werden; und
Heizen (410) durch die mehreren geheizten
röhrenförmigen Elemente (150, 302) der je-
weiligen Teile des Bohrlochfluids, das durch
die mehreren geheizten röhrenförmigen
Elemente (150, 302) strömt.

14. Verfahren nach Anspruch 13, das umfasst: bevor die
jeweiligen Teile des Bohrlochfluids durch die meh-
reren röhrenförmigen Elemente (150, 302) strömen,

Mischen des Bohrlochfluids, um ein homogenes
und einheitliches Fluid zu erhalten; und
Stabilisieren des Bohrlochfluids, um eine lineare
und stetige Strömung zu erhalten.

15. Verfahren nach Anspruch 13, wobei das Bohrloch-
fluid leichtere Komponenten und schwerere Kompo-
nenten enthält und wobei das Verfahren ferner Fol-
gendes umfasst:
nach dem Heizen der jeweiligen Teile des Bohrloch-
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fluids, das durch die mehreren röhrenförmigen Ele-
mente (150, 302) strömt, Trennen der leichteren
Komponenten von den schwereren Komponenten in
dem Bohrlochfluid.

Revendications

1. Outil de puits (100) comprenant :

une pluralité d’éléments tubulaires (112, 304)
agencés en réseau et configurés pour être po-
sitionnés dans une conduite d’écoulement (150,
302) positionnée en fond de trou à l’intérieur d’un
puits de forage, chacun de la pluralité des élé-
ments tubulaires étant configuré pour recevoir
une partie respective d’un fluide de puits s’écou-
lant à travers la conduite d’écoulement ; et
un ensemble de chauffage EM (110, 300), c’est-
à-dire électromagnétique, configuré pour être
positionné autour de la pluralité des éléments
tubulaires, l’ensemble de chauffage EM étant
configuré pour générer un rayonnement EM et
le transmettre à la pluralité des éléments tubu-
laires de telle sorte que la pluralité des éléments
tubulaires sont chauffés par le rayonnement EM
transmis, une pluralité des éléments tubulaires
chauffés étant configurés pour chauffer les par-
ties respectives du fluide de puits s’écoulant à
travers la pluralité des éléments tubulaires.

2. Outil de puits selon la revendication 1, dans le ré-
seau, des axes longitudinaux de la pluralité des élé-
ments tubulaires (112, 304) étant décalés les uns
des autres et étant parallèles à un axe longitudinal
de la conduite d’écoulement (150, 302).

3. Outil de puits selon la revendication 1, un contour
externe du réseau étant sensiblement cylindrique en
section transversale, et éventuellement le contour
externe du réseau est dimensionné pour s’adapter
à l’intérieur d’un volume interne de la conduite
d’écoulement (150, 302).

4. Outil de puits selon la revendication 1, la pluralité
des éléments tubulaires (112, 304) étant agencés
côte à côte à l’intérieur de la conduite d’écoulement
(150, 302) et étant sensiblement parallèles les uns
aux autres.

5. Outil de puits selon la revendication 1, la pluralité
des éléments tubulaires (112, 304) étant d’une lon-
gueur sensiblement égale, et des extrémités axiales
de la pluralité des éléments tubulaires (112, 304)
étant alignées, et éventuellement un espace entre
les extrémités axiales de la pluralité des éléments
tubulaires (112, 304) étant rempli d’un matériau qui
est imperméable au fluide de puits.

6. Outil de puits selon la revendication 1, l’ensemble
de chauffage EM (112, 304) comprenant une plura-
lité d’éléments de chauffage arqués (306a, 306b,
306c, 306d) agencés de bout en bout pour avoir une
section transversale sensiblement cylindrique qui
définit un espace creux, et
la pluralité des éléments tubulaires (112, 304) agen-
cés dans le réseau étant positionnés à l’intérieur de
l’espace creux et éventuellement :

a) chaque élément de chauffage arqué (306a,
306b, 306c, 306d) étant configuré pour générer
un rayonnement EM, et/ou
b) un diamètre externe de la section transver-
sale sensiblement cylindrique étant inférieur à
un diamètre interne de la conduite d’écoulement
(150, 302), et/ou
c) chaque élément de chauffage arqué (306a,
306b, 306c, 306d) étant fixé à une surface in-
terne de la conduite d’écoulement (150, 302).

7. Outil de puits selon la revendication 1 comprenant :

un boîtier (102) positionné en fond de trou à l’in-
térieur du puits de forage et utilisable pour re-
cevoir un fluide de puits s’écoulant à travers la
conduite d’écoulement (150, 302) ; et
un chauffage (110) positionné à l’intérieur du
boîtier (102), comprenant :

la pluralité des éléments tubulaires (150,
302) étant configurés pour être positionnés
à l’intérieur du boîtier, et
l’ensemble de chauffage EM (110, 300).

8. Outil de fond de trou selon la revendication 7, le fluide
de puits comprenant une émulsion, et la pluralité des
éléments tubulaires chauffés étant utilisables pour
chauffer les parties respectives du fluide de puits
afin de casser l’émulsion dans les parties respecti-
ves du fluide de puits.

9. Outil de fond de trou selon la revendication 7, com-
prenant en outre :
un centralisateur (104) couplé au boîtier (102) et uti-
lisable pour centraliser le boîtier (102) par rapport à
la conduite d’écoulement (150, 302).

10. Outil de fond de trou selon la revendication 7, com-
prenant en outre :
un homogénéisateur (106) agencé en amont du
chauffage à l’intérieur du boîtier (102) et utilisable
pour mélanger le fluide de puits afin d’obtenir un flui-
de homogène et uniforme avant que le fluide de puits
ne s’écoule à travers le chauffage (101).

11. Outil de fond de trou selon la revendication 7, com-
prenant en outre :
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un stabilisateur (108) agencé en amont du chauffage
(110) à l’intérieur du boîtier (102) et utilisable pour
stabiliser le fluide de puits afin d’obtenir un écoule-
ment linéaire et stable avant que le fluide de puits
ne s’écoule à travers le chauffage (110).

12. Outil de fond de trou selon la revendication 7, le fluide
de puits comprenant des composants plus légers et
des composants plus lourds, et l’outil de fond de trou
comprenant en outre :
un séparateur (116) agencé en aval du chauffage
(110) à l’intérieur du boîtier (102) et utilisable pour
séparer les composants plus légers des composants
plus lourds dans le fluide de puits après l’écoulement
du fluide de puits à travers le chauffage (110).

13. Procédé (400) de traitement de fluides de puits
s’écoulant à travers la conduite d’écoulement (150,
302) à l’intérieur d’un puits de forage positionné sous
une surface terrestre, le procédé comprenant :

la réception (402), dans la conduite d’écoule-
ment, d’un fluide de puits pour s’écouler dans
une pluralité d’éléments tubulaires (112, 304)
agencés en réseau et positionnés à l’intérieur
de la conduite d’écoulement ;
l’écoulement (404) de parties respectives du
fluide de puits à travers la pluralité des éléments
tubulaires (112, 304) ;
tandis que les parties respectives du fluide de
puits s’écoulent à travers la pluralité des élé-
ments tubulaires (112, 304) :

la génération (406) d’un rayonnement EM,
c’est-à-dire électromagnétique, par un en-
semble de chauffage EM (110, 300) posi-
tionné à l’intérieur de la conduite d’écoule-
ment (150, 302) et autour de la pluralité des
éléments tubulaires (112, 304) ;
la transmission (408), par l’ensemble de
chauffage EM (110, 300), du rayonnement
EM à la pluralité des éléments tubulaires
(150, 302), la pluralité des éléments tubu-
laires (150, 302) étant chauffés par le rayon-
nement EM transmis ; et
le chauffage (410), par la pluralité des élé-
ments tubulaires chauffés (150, 302), des
parties respectives du fluide de puits
s’écoulant à travers la pluralité des élé-
ments tubulaires chauffés (150, 302).

14. Procédé selon la revendication 13, comprenant en
outre : avant l’écoulement des parties respectives
du fluide de puits à travers la pluralité des éléments
tubulaires (150, 302),

le mélange du fluide de puits pour obtenir un
fluide homogène et uniforme ; et

la stabilisation du fluide de puits pour obtenir un
écoulement linéaire et stable.

15. Procédé selon la revendication 13, le fluide de puits
comprenant des composants plus légers et des com-
posants plus lourds, et le procédé comprenant en
outre :
après le chauffage des parties respectives du fluide
de puits s’écoulant à travers la pluralité des éléments
tubulaires (150, 302), séparer les composants plus
légers des composants plus lourds dans le fluide de
puits.
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